The tribbles (trbl) pseudokinases play important roles in signaling and physiology in multiple contexts, ranging from innate immunity to cancer, suggesting fundamental cellular functions for the trbls' gene products. Despite expression of the trbl pseudokinases in the nervous systems of invertebrate and vertebrate animals, and evidence that they have a function within mouse and human dopamine neurons, there is no clear case for a function of a Trbl protein that influences behavior. Indeed, the first and only evidence for this type of function comes from Drosophila melanogaster, where a mutation of the single trbl gene was identified in a genetic screen for short-term memory mutant flies. The current study tested flies containing multiple trbl mutant alleles and potential transgenic rescue in both operant place memory and classical olfactory memory paradigms. Genetic complementation tests and transgenic rescue of memory phenotypes in both paradigms show that the D. melanogaster trbl pseudokinase is essential for proper memory formation. Expression analysis with a polyclonal antiserum against Trbl shows that the protein is expressed widely in the fly brain, with higher expression in the cellular rind than the neuropil. Rescue of the behavioral phenotype with transgenic expression indicates the trbl function can be localized to a subset of the nervous system. Thus, we provide the first compelling case for the function of a trbl pseudokinase in the regulation of behavior.
Introduction
The tribbles (trbl) family of pseudokinases play multiple critical roles in physiology and disease (Eyers, Keeshan, & Kannan, 2017) . These pseudokinases are thought to both link substrate binding to specific protein stability by recruiting ubiquitin ligases and as regulators of MAPK and AKT/FOXO -signaling (Eyers et al., 2017) . There is one version of the trbl pseudokinase in Drosophila melanogaster and Caenorhabditis elegans (Kim et al., 2016; Mata, Curado, Ephrussi, & Rorth, 2000; Pujol et al., 2008) . Mouse and man have three, named trbl 1, 2, and 3 (Boudeau, MirandaSaavedra, Barton, & Alessi, 2006; Eyers et al., 2017) . There is wide-spread expression of the three mammalian trbl products in brain and the D. melanogaster trbl gene is expressed in the developing nervous system (Aime et al., 2015; Fisher et al., 2012; Ord et al., 2014) . Nevertheless, there is little known about how trbl influences brain function. The vertebrate trbl 3 has been implicated in Parkinson's disease as a cell death promoter in dopaminergic neurons (Aime et al., 2015) . However, knock-out of trbl 3 in the mouse has no effect on feeding behavior, or learning and memory in three different paradigms (Ord et al., 2014) . Behavioral tests on trbl 1 or 2 have not been reported (Lin et al., 2016; Satoh et al., 2013) . Thus far the only evidence for a function of trbl in regulating behavior is from a genetic screen to identify short-term memory fly mutants (LaFerriere et al., 2008; Masoner et al., 2013) . Whether the Drosophila trbl gene, as a key example of trbl pseudokinase function, plays a definitive role in memory is the focus of this study.
Memory is readily examined in D. melanogaster. Operant place learning tests individual flies for the ability to avoid part of a simple chamber associated with aversive high temperatures (Ostrowski & Zars, 2014; Wustmann, Rein, Wolf, & Heisenberg, 1996; Zars, 2010) . That is, flies are conditioned to avoid one of two halves of a narrow chamber. Flies can be trained in minutes, memory lasts for up to 2 h (Diegelmann, Zars, & Zars, 2006; Ostrowski, Kahsai, Kramer, Knutson, & Zars, 2015; Putz & Heisenberg, 2002) . Flies show a memory by persistent avoidance of the chamber half associated with high temperature. A second well established learning paradigm is olfactory classical conditioning (Guven-Ozkan & Davis, 2014; Tully & Quinn, 1985; Zars, Fischer, Schulz, & Heisenberg, 2000) . In this case, flies are
